be difficult to interpret. Thus better public reporting of pretransplant metrics, especially transplant rates, would give patients a more complete picture of transplant program care.
SRTR may place additional emphasis on pretransplant metrics for public reporting through an outcome assessment of adjusted transplant rate ratios (TRRs) and adjusted waitlist mortality rate ratios (WMRRs). 7 Rate ratios correspond, for example, to the observed transplant rate divided by the expected transplant rate: transplants per person-year divided by expected transplants per person-year.
The TRR is interpreted as the multiplicative change in transplants performed compared with transplants expected. Due to the important role of risk adjustment in determining the expected number of transplants or deaths on the waiting list, SRTR released more thorough risk-adjustment models for transplant rate and waitlist mortality in the January 2018 program-specific reports (PSRs). The modifications to the pretransplant models and the corresponding concepts are especially important as pretransplant metrics become more prominent in public reporting.
Numerous studies have investigated the unintended consequences of public reporting and regulatory review of posttransplant outcomes. 8 Greater emphasis on pretransplant metrics, and especially on adjusted TRRs, may generate concern about unintended consequences due to perceptions that adjusted TRRs are associated with listing practices, posttransplant outcomes, and waitlist mortality. The primary perceptions are:
1 Programs can achieve good adjusted TRRs by listing candidates with high allocation priority. This perception is sometimes cited as a reason to avoid evaluating adjusted TRRs, and it may have been valid with previous models that did not explicitly adjust for the components of allocation priority. However, the updated models adjust for these components and the relationship is therefore unlikely.
2 Programs with good adjusted TRRs have relatively poor posttransplant outcomes due to a willingness to transplant organs from marginal donors and/or accept marginal recipients. This perception may be related to the lower absolute survival associated with marginal donors and/or recipients. However, risk-adjustment removes the association of measured donor and recipient risk with adjusted posttransplant outcomes. 9 Thus a better risk-adjusted TRR should not be associated with worse risk-adjusted posttransplant outcomes despite potentially worse unadjusted outcomes.
3 Programs with good TRRs will have good WMRRs. This perception may be due to the better survival associated with transplant compared with remaining on the waiting list, 2 or to the fact that patients who undergo transplant cannot die on the waiting list.
However, for a single candidate, the TRR is unlikely to affect the risk of waitlist mortality during a single day conditional on the candidate being alive at the beginning of the day. Because this is a conceptual definition of the WMRR, there may be no association between TRRs and WMRRs. In fact, within the framework of competing risks, TRRs and WMRRs are independent, and no association would be expected. 10 In contrast, the eventual probability of waitlist mortality depends on both WMRRs and TRRs, and an association with the eventual probability of transplant would be expected. The Supplementary Materials present the competing risks framework and provide illustrative examples.
Despite theoretical justifications that these perceptions are false, an empirical evaluation is necessary to alleviate concerns regarding a more prominent role of pretransplant metrics in public reporting. In addition, investigation of the perceptions may further justify reporting pretransplant outcomes, especially transplant rate, which has been suggested as a potential avenue to attenuate the unintended consequences of posttransplant evaluations. 11 For example, if a good adjusted TRR is not associated with worse posttransplant outcomes, then more prominent reporting of TRRs would not force programs to choose between a good TRR or good posttransplant outcomes, as they could independently achieve both. In addition, if adjusted TRRs and WMRRs are not associated, then each metric likely assesses a different dimension of pretransplant care and programs can independently achieve good outcomes for both.
| MATERIAL S AND ME THODS

| Risk-adjustment models for pretransplant metrics
The updated pretransplant models use a methodology similar to that previously described for SRTR posttransplant models. 12 Specifically, the pretransplant models were built with a 2-stage process that considers a wide range of covariates and implements linear splines to identify the effect of continuous covariates. The first step identifies covariates with potentially important effects from an exhaustive list.
The second step estimates the final model with the more limited set of covariates. The updated model-building process could create instability and lead to worse predictive performance due to the larger number of covariates and the use of linear splines, which can be highly correlated. Thus similar to the SRTR posttransplant models, the updated pretransplant models are estimated with the Least Absolute Shrinkage and Selection Operator (LASSO), which can stabilize model estimation and improve predictive performance. 13 See
Supplemental Materials for more detail regarding the pretransplant model development and fitting process, including the definition of censoring and handling of missing data.
| Estimation of TRRs and WMRRs
Program-specific TRRs and WMRRs were estimated with a Bayesian methodology similar to that used to estimate hazard ratios for posttransplant outcomes. 14 For example, TRRs were estimated by the observed number of transplants plus 2 divided by the expected number of transplants plus 2. Adding 2 to the observed and expected numbers shrinks the TRR and WMRR toward 1, which can improve estimation. have to perform transplants in such candidates at a rate higher than the national average for candidates with similar allocation priority.
| Analysis of pretransplant perceptions
| Program-level association between components of allocation priority and TRR (Figure 2)
For kidney programs, median years on dialysis at listing was weakly correlated with the program-specific unadjusted TRR (Figure 2 ; topleft panel), and risk-adjustment further attenuated the correlation F I G U R E 1 Candidate-level association of unadjusted (left panels) and adjusted (right panels) deceased donor transplant rate ratios (TRRs) with primary components of allocation priority for kidney (top panels), liver (middle panels), and lung (bottom panels) programs. Figures S1-S2) ; that is, the donor-to-candidate ratio satisfied the requirements of a confounder. After adjusting for DSA-level differences, the association between median laboratory MELD at listing and the adjusted TRR severely attenuated ( Figure   S3 ). Thus, as anticipated by the candidate-level analysis, programs did not achieve a higher adjusted TRR by only listing candidates with higher average allocation priority but through other mechanisms, for example, DSA-level variability in donor supply and demand. 
| Program-level association between adjusted TRRs and WMRRs (Figure 4)
In kidney transplantation, there was a weak but significant association between good adjusted TRRs and good adjusted WMRRs.
There were no associations in liver, lung, and heart transplantation. 
| D ISCUSS I ON
Although the PSRs present adjusted TRRs, the SRTR website currently presents unadjusted transplant rates that are difficult to interpret, and, due to lack of risk adjustment, differences can be caused by variability in patient populations rather than transplant program care. Unadjusted transplant rates are therefore not appropriate for summarizing a program's propensity to perform transplants in waitlisted candidates. A common criticism of the 5-tier reporting system for posttransplant outcomes was lack of a comparable system for pretransplant metrics, especially transplant rates. This could be especially true for programs with large waiting lists, where large proportions of candidates may be unlikely to ever undergo transplant; for example, the program may lack the hospital resources and/or organ availability to perform the number of expected transplants. However, delisting is not necessarily a bad
The association between program-specific adjusted deceased donor transplant rate ratios (TRRs) and adjusted waitlist mortality rate ratios for kidney (top-left), liver (top-right), heart (bottomleft), and lung (bottom-right) programs. Only adult candidates and programs were included in the analysis. A complete list of factors included in the adjusted TRRs is available at https://www.srtr.org/reportstools/risk-adjustment-models-waiting-list/ wileyonlinelibrary.com] [Colour figure can be viewed at wileyonlinelibrary.com] Socioeconomic factors are associated with disparities in access to kidney transplant. 20, 21 Despite potentially allowing continued disparities in access, public reporting should identify differences in the care provided, not differences in the patient population. Therefore, the pretransplant models should adjust for socioeconomic factors. The authors thank SRTR colleague Nan Booth, MSW, MPH, ELS, for manuscript editing.
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